Introduction
Mild cognitive impairment (MCI), a transitional stage between normal aging and dementia, offers an opportunity for reducing the public health burden of Alzheimer disease (AD) and other dementias through early detection and prevention [1, 2] . Several studies suggest that in part because of the association with vascular risk factors, certain dietary patterns may be associated with the risk of dementia and cognitive impairment [3] [4] [5] [6] [7] . One such diet is the Mediterranean diet (MeDi), a diet high in intake of vegetables, legumes, fruit, and nuts, and low in intake of meats and dairy products. Greater adherence to the MeDi was inversely associated with total mortality and death from coronary heart disease in a Greek population [8] . In addition, the MeDi has been associated with incident MCI and AD in a multiethnic community [9, 10] . However, there is little information on adherence to the MeDi in the US Midwest, or the association of adherence to the MeDi with MCI and its subtypes, in this setting. It has also been suggested that the MeDi approach may not be transferrable to communities that do not typically eat a MeDi [11] . The objective of this study is to describe adherence to the MeDi in a sample of subjects randomly selected from the Olmsted County, Minn., USA, considered potentially impaired, but a final decision about impairment in a domain was made by consensus. An expert panel of physicians, neuropsychologists, and the nurse or study coordinators who evaluated the participant reviewed all the information collected for each participant in order to reach a diagnosis of cognitively normal, MCI, or dementia by consensus.
Diagnostic Criteria
Cases. MCI was defined according to the following criteria: cognitive concern by participant, physician, nurse, or informant (from CDR); impairment in 1 or more of the 4 cognitive domains (including nonmemory domains) from the cognitive testing battery; essentially normal functional activities from the CDR and Functional Activities Questionnaire; and absence of dementia as previously published [1] . Participants were characterized as having amnestic MCI (a-MCI) if they had impairment in the memory domain and nonamnestic MCI (na-MCI) if they had impairment in any 1 or more of the nonmemory cognitive domains.
Dementia. A diagnosis of dementia was made according to the DSM-IV criteria [21] . Subjects with dementia were excluded from the present study.
Controls. Subjects who did not meet the criteria for MCI or dementia were characterized as cognitively normal according to published criteria [20] .
Measurement of Dietary Food Intake
We assessed dietary intake via the modified Block 1995 Revision of the Health Habits and History Questionnaire [22] that included 128 items: 103 food items and 25 beverages. The selfadministered questionnaire was mailed to the homes of participants with an addressed, stamped envelope for its return. Participants were asked to provide information on usual eating habits during the previous year. For each food item, respondents were asked to indicate (1) their usual portion size consumed (small, medium, large), with the medium serving provided as a specific amount, and (2) how often they had consumed each food (never or ! 1 per month, 1-3 per month, 1 per week, 2-4 per week, 5-6 per week, 1 per day, 2-3 per day, 4-5 per day, 6+ per day). The Food Processor SQL nutrition analysis software program (version 10.0.0, ESHA Research, Salem, Oreg., USA) was used to calculate the total nutrient, food group, and energy (caloric) intake per day, under the supervision of a registered dietician (H.M.O.).
MeDi Adherence
We assessed adherence to a MeDi by computing a MeDi score using a previously developed scale [8, 10] . We calculated the energy-adjusted nutrient and food group values using the residual method by regressing the log(energy) on log(nutrient) to derive the residual [23] . We computed the daily intake of nutrients and food groups as the sum of the residual and the mean log(nutrient) value determined from the regression model. Using the sex-specific median from the distribution as the cutoff, we assigned a value of 0 for consumption below the median and 1 for consumption at or above the median for beneficial components (vegetables, legumes, fruits, cereal, and fish). For components presumed to have adverse effects (meat, dairy products), we assigned a value of 1 for consumption below the median and 0 for consumption at or above the median. For fat intake, we used the ratio of monounsaturated fatty acids (MUFA) to saturated fatty acids (SFA), with a value of 1 for high and 0 for low intake. We scored alcohol intake as 0 for intake of 0 or 6 30 g per day and 1 for 1 0 to ! 30 g per day. The total possible MeDi score ranged from 0 (minimal) to 9 (maximal adherence).
Covariates
We ascertained date of birth, years of education, marital status, and vascular comorbidities (diabetes, hypertension, coronary heart disease, stroke) by interview. We assessed medication use from medication bottles that participants were asked to bring to the evaluation. We validated self-report of vascular comorbidities from the medical record [13] , and considered the medical record the gold standard. A history of depressive symptoms was assessed by interview of an informant using the Neuropsychiatric Inventory Questionnaire [24] . We assessed the frequency of moderate physical exercise in the year prior to recruitment ( ^ 1 per month, 2-3 times per month, 1-2 times per week, 3-4 times per week, 5-6 times per week, and daily) [25] . Weight and height were measured and body mass index (BMI) was calculated (kg/m 2 ). A blood draw was performed to assess Apolipoprotein E (ApoE) 4 genotype, and biomarkers including HbA1c, total cholesterol, triglycerides, and Creactive protein were also measured using standard methods.
Statistical Analyses
We investigated the associations between components of the MeDi score, MeDi score tertiles, and MCI using multiple logistic regression models. We determined cutpoints for the MeDi score from the distribution of scores for cases and controls combined; these tertile cutpoints were consistent with cutpoints in other studies [9, 10] . The base model was adjusted for age, years of education, and total caloric intake (as continuous variables), and sex; the fully adjusted model included variables in the base model and stroke, ApoE 4 allele status (ApoE 4+ vs. ApoE 4-), coronary heart disease, and depressive symptoms. BMI, diabetes, and hypertension were not associated with MCI in our sample, and since their inclusion in the analyses did not alter the results, those results are not presented. We included total caloric intake in all the logistic regression models to avoid spurious associations [26] and also examined potential confounding by physical exercise, and potential effect modification by age, sex, and years of education, and ApoE 4 allele. We also investigated associations of the MeDi with a-MCI and na-MCI.
To adjust for potential nonparticipation bias, we used a propensity score approach to develop a logistic regression model that predicted the probability of participation [27, 28] . We included demographic (age, sex, years of education) and clinical (diabetes, stroke, depressive symptoms, MCI status) characteristics for subjects included and excluded from the study, and used the reciprocal of the predicted probabilities as weights in all the logistic regression models presented.
Secondary Analyses
Because polyunsaturated fatty acid (PUFA) is a primary source of beneficial unsaturated fatty acids in non-Mediterranean regions [29, 30] , we examined the use of the (MUFA + PUFA):SFA ratio as the measure of fat intake in the calculation of the MeDi score. We also examined the use of sex-specific cutpoints for moderate alcohol intake (5 to ! 25 g/day for women and 10 to ! 50 g/day for men), fruit and nut intake [8, 31] in the calculation of the MeDi score. We conducted additional analyses with the MeDi score as a continuous variable or as quartiles on account of the skewness of the MeDi score distribution.
Longitudinal Associations
In subjects who were cognitively normal or had MCI at baseline, we used proportional hazards models to investigate the association of the baseline MeDi score with incident MCI or dementia; subjects were censored at the time of death or loss to follow-up. All analyses were performed using SAS (SAS Institute, Cary, N.C., USA).
Results
Of the 1,969 nondemented subjects who participated at baseline, 45 were lost to follow-up prior to the food frequency questionnaires being mailed out, 22 had died, 22 had refused participation since the baseline evaluation, and 1 person could not speak English and was therefore unable to complete the questionnaire ( fig. 1 ). The food frequency questionnaire was mailed to the eligible 1,924 subjects. A total of 1,567 (81.4%) subjects returned the questionnaire; of these, we excluded subjects who had missing responses on more than 10 questions on frequency of consumption (n = 268), reported extreme caloric intake ( ! 800 or 1 6,000 kcal per day for 32 men and ! 600 or 1 5,000 kcal per day for 24 women), or were demented at the time of the evaluation (n = 10). The remaining 1,233 subjects were included in the present study ( fig. 1 ). Sub- 13.2%, p ! 0.0001), but were less likely to be married (52.5 vs. 64.9%, p ! 0.0001) and had fewer years of education (median = 12 vs. 13 years, p ! 0.0001). There were no differences between included and excluded MCI cases in regard to age, sex, years of education, and ApoE 4 allele. Table 1 presents the baseline demographic and clinical characteristics of MCI cases and controls included in the analyses. Questionnaires for these subjects were completed at a median of 3.3 months (interquartile range = 1.5-6.1) from the time of the evaluation. MCI cases were more likely to be older, male, to have fewer years of education, a history of stroke, depressive symptoms, and an ApoE 4 allele. The baseline characteristics of the follow-up cohort by diagnostic status at follow-up are also presented. Table 2 shows the distribution (median and interquartile range) of nutrient intakes for cases with MCI and controls overall and by sex. Among men and women combined, MCI cases had a slightly lower daily intake of vegetables (p = 0.06), a lower (MUFA + PUFA):SFA ratio (p = 0.05), and a lower frequency of moderate alcohol consumption (p = 0.05), but a higher daily caloric intake (p = 0.0005) than controls. The MeDi score did not differ between MCI cases and controls. Compared to women, men had a higher intake of legumes (p = 0.014), grains and cereals (p = 0.003), red meat (p ! 0.001), and moderate alcohol (p ! 0.01), but a lower intake of fruits and vegetables (p = 0.004). Among men, MCI cases had a marginally lower intake of fish (p = 0.06), but a higher daily caloric intake (p = 0.0001) than controls. Among women, the frequency of moderate alcohol intake was lower in MCI cases compared to controls (p = 0.005). Table 3 presents the associations of the components of the MeDi score and the MeDi score tertiles with MCI. The odds ratio (OR) of MCI decreased significantly with higher vegetable intake (p for trend = 0.05), increasing (MUFA + PUFA):SFA ratio (p for trend = 0.01), and with moderate alcohol intake (p = 0.05). Fruit intake in the upper tertile was associated with an 11% reduced OR of MCI, and the OR of MCI decreased with increasing MeDi score, but neither the associations nor the trends were statistically significant. There was a dose-response association of increasing daily caloric intake with MCI (p for trend = 0.001). The results of the fully adjusted models were consistent with the base models suggesting no confounding by the additional variables, and the associations of vegetables and (MUFA + PUFA):SFA ratios with MCI were slightly stronger; additional adjustment for exercise did not materially change the results. In additional models, we included HbA1c, total cholesterol, and C-reactive protein since these could be potential confounders. There were no appreciable changes in the ORs for all except alcohol, although, given the increased number of variables now included in the model, the associations with vegetable intake and moderate alcohol were no longer statistically significant. The estimates of OR (95% CI) for the middle and upper tertiles compared to the lowest tertile were as follows: vegetable intake (middle tertile: OR = 0.58, 95% CI = 0. 38 ( table 3 ) , and there were no significant associations or trends when fruit and nuts or sex-specific cutpoints for alcohol intake were used in computing the MeDi score (these data are not presented). Longitudinal Associations Among 1,141 subjects who had MCI or were cognitively normal at baseline, and who completed 6 1 longitudinal clinical evaluation after assessment of dietary intake, there were 116 incident events (MCI, n = 93; dementia, n = 23). Due to the relatively short follow-up [median follow-up = 2.2 years (interquartile range = 1.7-2.6)], there was inadequate power to detect significant associations of the MeDi score components or the MeDi score with incident events. However, the hazard ratio (HR) for incident MCI or dementia was reduced 21% for subjects who had a MeDi score in the second tertile (HR = 0.79, 95% CI = 0.51-1.21, p = 0.28) and 25% for subjects in the upper tertile (HR = 0.75, 95% CI = 0.46-1.21, p = 0.24). The results were similar for MeDi score 2.
Discussion
In our cross-sectional findings, higher daily intake of vegetables, (MUFA + PUFA):SFA ratio, and moderate alcohol consumption were associated with a decreased OR of MCI and a-MCI (but not na-MCI). The OR of MCI decreased with higher intake of fruit and increasing MeDi score, but the trends were not statistically significant. The longitudinal findings showed a 25% reduced risk of MCI or dementia in subjects in the upper tertile of the MeDi score at baseline, but the association did not reach statistical significance.
Our findings are consistent with those of other investigators. High vegetable intake was associated with a slower rate of cognitive decline in the Chicago Health and Aging Project [32] ; high intake of ␤ -carotene, flavonoids, vitamins C and E, thiamine, and folate from dietary fruit and vegetables was associated with a lower risk of AD in the Rotterdam Study [33] and with better Mini-Mental State Exam (MMSE) scores [34] . Moderate alcohol intake has also been associated with a reduced incidence of dementia [35, 36] , a decreased OR of MCI [37, 38] , reduced progression of MCI to dementia [37] , a lower risk of poor cognitive function [39] , and higher MMSE scores [34] . The effects of fruits and vegetables, PUFA, MUFA, and moderate alcohol intake have been attributed to beneficial antioxidant effects on cerebrovascular disease risk and amyloid pathology. The adverse association of high caloric intake with MCI has also been observed with AD [40] . The association of dietary factors with MCI subtypes has not been evaluated. Our observation of associations of higher intake of vegetables and of higher MUFA:SFA and (MUFA + PUFA):SFA ratios with a-MCI is interesting and raises questions about the role of dietary factors in the pathogenesis of MCI and AD. However, given the cross-sectional design, the implications and relevance are not clear. We will examine these associations further in our longitudinal study of the cohort when we have a larger number of events and longer duration of follow-up.
Our preliminary longitudinal studies suggest that a high MeDi score is beneficial even in our cohort, but we a Odds ratio (95% confidence intervals) adjusted for age, years of education, total energy (as continuous variables), and sex. All models were adjusted with propensity weights to take into account potential nonparticipation bias. The unweighted models were essentially the same and are not presented.
b Adjusted for age, years of education, total energy (continuous variables), sex, ApoE 4 (4+ vs. 4-), stroke, coronary heart disease, and depressive symptoms. c Fat intake was determined from the MUFA:SFA ratio for MeDi score 1, and from the (MUFA + PUFA):SFA ratio for MeDi score 2. a Odds ratio (95% confidence intervals) adjusted for age, years of education, total energy (as continuous variables), and sex. All models were adjusted with propensity weights to take into account potential nonparticipation bias. There were 122 cases with a-MCI and 41 cases with na-MCI.
b Adjusted for age, years of education, total energy (continuous variables), sex, ApoE 4 (4+ vs. 4-), stroke, coronary heart disease, and depressive symptoms.
c Fat intake was determined from the MUFA:SFA ratio for MeDi score 1, and from the (MUFA + PUFA):SFA ratio for MeDi score 2.
may have had inadequate power to detect significant associations, possibly due to a low adherence to the MeDi. Lower adherence in our cohort is suggested by the comparison of our sample with 2 Mediterranean [8, 29] and 2 US samples [9, 41] where a significant association of MeDi score with cognition has been observed ( table 5 ) . Overall, daily intake of vegetables, fruit, and fish was lower, and red meat intake was higher than in 1 of the US samples. The MUFA:SFA ratio was low compared to 1 Greek sample, 1 US sample, and was also lower than a ratio of 2 for participants in the Italian Longitudinal Study of Aging [11] .
Low adherence to MeDi in a community may limit the ability to detect a significant dose-response association of the MeDi score with cognition. Since the median intakes in a sample are used to determine the cutpoints for computing the MeDi score, a score in 1 community may not reflect intakes in a community with very different dietary habits [11] . Other cultural differences in the foods may also affect studies involving the MeDi score. For example, availability of fruits and vegetables year-round is different in Mediterranean regions than in a Midwestern US community.
Relatively few investigators have used the whole diet approach such as the MeDi to assess the impact of diet on cognitive function. In these studies, higher adherence to a MeDi was associated with decreasing cognitive decline assessed from the MMSE [31, 42] , with prevalent AD [43] , a reduced risk of AD and slower cognitive decline [9] , and a reduced risk of AD mortality [44] , and with a borderline reduced risk of MCI incidence and MCI conversion to dementia [10] . It is evident that different measures of cognition were used, and MCI criteria were retrospectively applied in some cases. However, the widespread health benefits of the MeDi are well noted. These include beneficial effects on survival [8, 29] , cardiovascular risk factors and outcomes [5, 6] , cancer [45] , and inflammation [46] . Nonetheless, additional longitudinal studies are needed to confirm the associations with MCI in a populationbased setting using reliable and valid ascertainment of both dietary exposure and MCI using specified criteria for MCI at the time of evaluation as in the present study. A longer duration of follow-up in our cohort may demonstrate significant associations. Potential limitations of our findings include the possibility of recall bias in this elderly cohort, and our failure to validate the questionnaire in our cohort. Any effect of recall bias is likely to be minimal, and reporting of dietary intake is likely to be valid for the following reasons: (a) we excluded subjects with dementia who are unlikely to report valid dietary intake; (b) participants did not know about their cognitive status, reducing the potential for biased reporting; (c) MCI cases were very mild, with a median CDR sum of boxes of only 1.0 (interquartile range = 0.5-1.5), and (d) the results remained the same after excluding subjects in the lowest 5% of the memory domain score who could have provided unreliable data (data not presented). Also, others have observed that assessment of dietary intake over a longer period (prior 1 year) may be less susceptible to bias than short-term recall [47] . The modest differences between included and excluded subjects raises the question of potential nonparticipation bias. We addressed this by assigning included subjects who had the characteristics of the excluded subjects a heavier weight in all the logistic models to account for the propensity to participate in the study. The results were similar to those that were not adjusted for propensity to participate. The cross-sectional study design prevents our ability to assess causal associations. Given the number of tests assessed in the study, there is a potential for type 2 errors; a Bonferroni correction would require a p value of ^ 0.004 for statistical significance. At this p value, the associations between the upper tertile of the (MUFA + PUFA):SFA ratio and total energy intake would remain statistically significant, but the other associations would no longer be significant. The preliminary longitudinal data based on the small number of incident events suggest a benefit of a higher MeDi score for MCI or dementia. Longitudinal follow-up of the sample will enable us to obtain more reliable estimates and will increase our power to detect significant associations. The findings may be generalizable to communities with similar demographic characteristics.
Our study has several strengths. The study sample was randomly selected from the community, thus reducing the potential for referral, selection, or volunteer bias. We used a previously validated questionnaire to ascertain dietary intake of foods. In addition to a whole-diet approach, we also assessed the association of individual components of the MeDi with MCI, and with MCI subtypes, and observed differences across the subtypes. The assessment of MCI was made using information from 3 independent evaluators, and the diagnosis of MCI or normal cognition was made by consensus, at the time of the evaluation, and was based on previously specified criteria. Our findings provide insight into the dietary habits of a Midwestern US community, and suggest that in this elderly cohort, adherence to a MeDi may be low. Despite this, we demonstrated beneficial associations of certain dietary components with MCI, and our preliminary longitudinal studies suggest that a high MeDi score may be beneficial. Thus, findings from our study and other studies provide insights into the role of the MeDi and components of this diet as a potential target for intervention in clinical trials to prevent MCI, and ultimately reduce the burden of dementia.
